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(54) Additives for hydrogenated resins 

(57) Additives for hydrogenated resins obtainable 
by using the following components: 

a) bifunctional pert luoropotyethers having a -COOR 
end group, optionally in admixture with monofunc- 
tional perfluoropoly ethers having a -COOR end 
group, 

b) mono, bi or polyfunction^ hydrogenated mono- 
mers having functional groups able to react with the 
-COOR end groups of compound a); 

c) potyolef ins having functional groups able to react 



with the block oligomer/polymer obtained by reac- 
tion of a) with b), preferably said functional groups 
being obtained by grafting with maleic anhydride; 

reacting in a first step a) with b), until disappearance of 
the -COOR group of component a), and in a second step 
the product obtained from the reaction of a) with b) with 
the fu nationalized polyolefins c). 
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Description 

[0001] The present invention relates to fluorinated compounds usable as additives for hydrogenated resins, for ex- 
ample polyolefins, elastomers and polymers from polycondensation. The additives of the invention do not negatively 
5 affect the processability during the extrusion of hydrogenated resins, on the contrary they improve it and the finished 
manifactured article shows an improved mould release. Besides, the finished manufactured article (hydrogenated resin 
added with the invention additives) shows lasting improved surface properties. 

[0002] More particularly the present invention relates to additives formed by perfluoropolyether chains and function- 
alized polyolefins. Said additives can be obtained in solid form (granules, powder or pellets) and are compatible with 
10 hydrogenated polymers with which they form homogeneous mixtures. Therefore masterbatches at various additive 
concentrations, even very high, can be prepared, with hydrogenated resins, even of the order of 50% by weight of 
additive. 

[0003] In the prior art the use of fluorinated additives to improve the polymer properties is known. USP 4,278,776 
describes the use of polyamides obtained from perfluoropolyethers as process additives for blends of curable fluori- 

15 nated rubbers. Tests carried out by the Applicant showed that polyamides obtained from perfluoropolyethers do not 
allow to prepare masterbatches with hydrogenated resins at high concentration of this additive. Besides even at low 
concentrations of this additive a homogeneous masterbatch is not obtained. Therefore these masterbatches are not 
in practice usable in extrusion since finished manufactured articles are obtained having non uniform properties. (See 
the comparative Examples). USP 5,061 ,759 describes perfluorinated perfluoropolyether additives or having bromine 

20 end groups for fluorinated rubbers curable by peroxidic way, the additive amount being in the range 0.5-1 % by weight. 
These additives improve the processability of the fluorinated rubbers and the mould release. Also these additives when 
used for hydrogenated resins to obtain masterbatches to be used for preparing manufactured articles give the same 
drawbacks of the polyamides obtained from perfluoropolyethers. 

[0004] USP 3,899,563 describes monofunctionalizedfluoro alkyl additives, such as amides, diamides, triazines, sub- 

25 stituted ureas, for thermoplastic resins. In said patent no mention is made to the possibility to prepare masterbatches 
of above additives with hydrogenated resins, in particular no mention is made to polyolefins. 
[0005] USP 5,1 43,963 and USP 5,286,773 describe fluorinated additives for hydrogenated thermoplastic polymers. 
Among the various additives, perfluoropolyether additives are mentioned and only perfluoropofyethers having perfluor- 
inated end groups are exemplified. The additive amount is in the range 0.01 %-< 1 % by weight. The finished manuf ac- 

30 tured articles have a surface tension lower than that of the thermoplastic polymer and show a higher fluorine content 
on the surface than inside the compound. The manufactured article is characterized by a higher hydrophobicity and 
antiadherence, a lower friction and a smoother surface. The fluorinated compounds used as additives can be under 
the form of oil, grease, or rubber. With these additives it is not possible to prepare masterbatches having a high content 
of additives, for example of 20% (see the comparative Examples). Besides, to additivate the liquid fluorinated com- 

35 pounds, particular equipments must be used so as to have a high mixing efficiency and therefore twin-screw extruders 
are used. Tests carried out by the Applicant have shown that by using the standard single screw extruders, widely used 
industrially, it is not possible to prepare masterbatches even at concentrations lower than 1% by weight. 
[0006] USP 5,025,052 describes fluorinated dioxazolidinones as additives for thermoplastic resins. Also in this case 
no mention is made to the preparation of masterbatches with high additive concentrations. 

40 [0007] USP 5,681 ,963 and USP 5,789,491 describe the use of imides based on monof unctional perfluoroalkyl com- 
pounds as additives in the production of fibers (polyolefins, polyesters, polyamides) water-repellent, alcohols andfluids 
having a low surface tension. In said patents it is stated that fluorinated polymer derivatives are not suitable for this 
kind of use due to their insufficient capability to migrate on the surface. Patent applications WO 97/22,576 and WO 
97/22,659 describe the use of mono- anddiesters of fat acids, excluding the stearic acid, with monof unctional fluoroalkyl 

45 alcohols to give idro/oil repellent properties to polymer fibres, in particular polypropylene fibres. Also in this case the 
polymer additives are considered unsuitable as above mentioned. 

[0008] Patent application WO 99/23,1 49 describes the preparation of manufactured articles resistant to creaking by 
addition of a generic fluorinated additive under the form of oil, wax or rubber, in amounts in the range 0.01%-5% by 
weight, to a hydrogenated polymer such as polyurethane or both thermoplastic and thermosetting resins. Also per- 

50 fluoropolyethers even having functional end groups, and their homologues having a higher molecular weight, with a 
fluorine content higher than 50% belong to the class of fluorinated additives. In said patent application it is indicated 
that when the polymer is thermoplastic, to prepare these compositions the-polymer is melted and mixed in the liquid 
state with the fluorocarbon additive, and the additive feeding into the mixing equipment takes place by addition devices 
for liquids. Therefore this mixing process shows the drawback to require a particular equipment since the components, 

55 as said, must be added at the liquid state. Also perfluoropolyethers having perfluoroalkyl end groups are indicated as 
usable. Also for said patent application the above same considerations are valid. 

[0009] Patent application WO 99/23.148 describes manufactured articles resistant to abrasion obtained by addition 
of 0.01% up to 1% of one of the fluorinated additives described in the previous patent application for thermosetting 
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resins. No reference is made to masterbatches. 

[0010] Patent application WO 99/23,147 describes linear or crosslinked polymers having a Shore A hardness from 
1 0 to 90, modified by addition of ftuorinated additives in amounts between 1 and 1 0%, to obtain an improved abrasion 
resistance. In above patent application fluorinated additives oils, rubbers or greases formed by fluorocarbons which 
5 can contain functional groups are indicated as suitable. The mixing equipment is the one used to mix liquid compounds 
described in patent application WO 99/23, 1 49 and therefore also this mixing process shows the same above mentioned 
drawback. 

[0011] USP 5,451,622 describes the use of partially fluorinated piperazines with monofunctional fluoroalkyl seg- 
ments, containing a fluorine amount between 20 and 70% by weight as hydro/oilrepellent additives for hydrogenated 
10 resins, such as for example polypropylene. Also in said patent no mention is made to masterbatches having a high 
concentration of additive. 

[0012] Generally according to the above prior art the fluorinated additives can be used as process additives, or as 
additives to give improved surface properties to the finished manufactured article. The addition procedure of the fluor- 
inated additive into the hydrogenated resin is generally a complicated step and requires, as seen, particular equipments 

15 for the dosage of the fluorinated additive in extrusion. The additive indeed is often under the liquid form and high 
efficiency equipments as twin-screw extruders for the homogeneization with the resin are required. With the liquid 
fluorinated additives of the prior art it is difficult to prepare masterbatches having a high additive concentration in the 
hydrogenated resin, in particular at concentrations higher than 10% by weight of additive. When perfluoropolyethers 
are used as additives, masterbatches having a maximum concentration of additive of 1 -2% by weight can be prepared. 

20 (See comparative Examples). This is due to the substantial immiscibility of the fluorinated additive with the hydrogen- 
ated resin which requires the use, as seen, of particular equipments. TTie lack of homogeneity in the masterbatch 
implies a difficult dosage of the additive in the final manufactured article, with the obtainment of manufactured articles 
which have no reproducible properties. This is a drawback from the industrial point of view. A further drawback is 
represented by the limited permanence in the time of the fluorinated additive in the manufactured article. In fact the 

25 additive can be removed by thermal effect during the working steps, or by - washing away, or by mechanical action, 
for example abrasion, with loss of the surface properties of the manufactured article and possible environmental pol- 
lution. At any rate no mention is made to masterbatch of additive in hydrogenated resin with high additive content, of 
the order of 50%. The possibility to have available masterbatches with a high content of additive allows to have mas- 
terbatches with a more uniform concentration of additive. Furthermore said masterbatches can be used with hydro- 

30 genated resins even different from those used to prepare masterbatches. This allows to obtain final resins having a 
more uniform distribution of the additive and therefore with substantially homogeneous properties and thus lower 
wastes during the production of manufactured articles. 

[0013] The need was felt to have available fluorinated additives having the following properties: 

35 - were available in solid form (granules or pellets), and therefore measurable with normal loading hoppers, without 
necessarily requiring the use of particular batcher, 

were easily compatible with the hydrogenated resins, both thermoplastic and thermosetting, for example polyole- 
fins, poryolefin rubbers, polyesters, polyamides, poryurethanes, also using single screw extruders, 
- confer to the finished compound lasting surface hydro- and oilrepellence properties, abrasion resistance, low fric- 
40 tion coefficient, improved mould release, 

possibility to prepare masterbatches at various, even very high, additive concentrations, with hydrogenated resins, 
even of the order of 50% by weight of additive. 

[0014] The Applicant has surprisingly and unexpectedly found additives containing perfluoropolyether oligomers or 
45 polymers and functionalized polyolefins, having the combination of the above properties. 

[0015] An object of the present invention are additives for hydrogenated resins, formed by functionalized perfluor- 
opolyethers and functionalized polyolefins, said additives obtainable by using the following components: 

a) bifunctional perfluoropolyethers having a -COOR end group, optionally in admixture with monofunctional per- 
50 f luoropolyethers having -COOR end group, wherein R = H, C r C 10 alkyl, the number average molecular weight of 

bifunctional and monofunctional perfluoropolyethers being in the range 500-5,000, preferably 900-3,000; 

b) mono, bi or polyfunctions hydrogenated monomers having functional groups capable to react with the -COOR 
end groups of compound a); preferably said functional groups of the hydrogenated monomers are aminic groups, 

c) polyolefins having functional groups, preferably formed by C 2 -C 4 monomers, wherein said functional groups are 
55 capable to react with the block oligomer/porymer obtained by reaction of a) with b), preferably said functional 

groups being obtained by grafting with maleic anhydride; 

reacting in a first step a) with b), or a) with mixtures of monomers b) having a different functionality, until disappearance 
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of the -COOR group of component a), and in a second step the product obtained from the reaction of a) with b) with 
the functionalized poryolefins c). 

[0016] The additive of the invention can optionally comprise neutral perfluoropolyether oils having a molecular weight 
in the range 2,000-10,000 (compound d)). 
5 [0017] The amounts of each of the components a)-d), expressed as percentages by weight, are the following: 

component a) 30-70% by weight; 
component b) 1 -30% by weight; 
component c) 1 0-70% by weight; 
10 - component d) 0-20% by weight; 

the sum of a) + b) + c) + d) being equal to 1 00% by weight. 

[0018] The bifunctional (perjfluoropolyethers and the monofunctional perfluoropolyethers (component a)) have one 
or more of the following units statistically distributed along the chain: (0^0); (CFYO) wherein Y is F or CF 3 ; (C 2 F 4 0); 
is (CF 2 (CF 2 ) x ,CF 2 0) wherein x* is an integer equal to 1 or 2; (CR 4 R5CF 2 CF 2 0) wherein R 4 and R 5 are equal or different 
from each other and selected from H, CI, and wherein one fluorine atom of the perfluoromethylene unit can optionally 
be substituted with H, CI or (per)fluoroalkyl, having for example from 1 to 4 carbon atoms. 

[0019] The preferred bifunctional compounds of a) are the following with the perfluorooxyalkylene units statistically 
distributed along the chain: 

20 

(a') 

-CF 2 -0-(CF 2 CF 2 0) p( (CF 2 0) q ,-CF 2 - (VIII) 

25 

wherein: 

p* and q* are numbers such that the qVp' ratio is comprised between 0.2 and 2 and the number average mo- 
lecular 

30 weight is in the above range; 

(b') 

35 -CFX ,, -0-(CF 2 CF(CF3)0) r .-(CF 2 CF 2 0) s .-(CFX ,, 0) t .-CFX ,, - (IX) 

wherein: 

X' 1 is -F or -CF 3 ; r*. s' and f are numbers such that r*+ s' is in the range 1 -50, the f/(r*-i- s 1 ) ratio is in the range 
40 0.01 -0.05, rV s' being different from zero, and the molecular weight is in the above range; 

(C) 

4S - CF(CF 3 )(CFX' , 0) t .(OC3F 6 ) u .-OR , f O-(C3F 6 0) u ,(CFX J 0) t .CF(CF 3 )- formula (X) 

wherein: 

R' f is a Cj-Cg perfluoroalkylene; u'+ f is a number such that the number average molecular weight is in the 
50 above range; V can also be equal to zero; X' 1 is as above indicated; 

(d 1 ) 

55 -CF 2 CF 2 0-(CF 2 (CF 2 ) x .CF 2 0) v ,-CF 2 CF 2 - (XI) 



wherein: 
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v 1 is a number such that the molecular weight is in the above range, x 1 is an integer equal to 1 or 2; 

(e') 

-CF 2 CH 2 -(OCF 2 CF 2 CH 2 0) w ,-OR , f O(CH 2 CF 2 CF 2 0) w ,-CH 2 CF 2 - (XII) 

wherein: 

10 R f is a C r C8 perfluoroalkylene; w 1 is a number such that the number aaverage molecular weight is in the 

above range; the end groups of the bifunctional perfluoropolyethers component a) being ot the -COOR type 
wherein R = H or ^-C^ alkyl. 

[0020] The bifunctional (per)fluoropolyoxyalkylenes are known products and can be prepared starting from the cor- 
15 responding (perjfluoropolyoxyalkyienes having -COF end groups (see for example patents GB 1,104,482, USP 
3,715,378, USP 3,242,218, USP 4,647,413, EP 148,482, USP 4,523,039, EP 340,740, patent application WO 
90/03357, USP 3,810,874, EP 239,123, USP 5,149,842, USP 5,258,110). 

[0021 J The preferred monofunctional perfluoropolyethers which are used in a) in admixture with bifunctional perfluor- 
opolyethers have the following structures: 

20 

IB) 

A'0(C 3 F 6 0) m (CFYO) n - 

25 

wherein Y is -F, -CF 3 ; A' = -CF 3 , -C^Fg, -OjFy, -CF 2 CI, C^CI; 

the C 3 F e O and CFYO units are randomly distributed along the (per)fluoropolyether chain, m and n are integers, 
the m/n ratio is > 2, m and n have values such that the molecular weight is within the limits indicated for component 
a); 

30 MB) 

C 3 F 7 0(C 3 F 6 0) m -, 

35 wherein m is a positive integer and is such that the average molecular weight is in the limits indicated for component 

a); 
NIB) 

„ (C 3 F 6 0) m (C 2 F 4 0) n (CFYO) q 
wherein: 

Y is equal to -F, -CF 3 ; m, n and q, different from zero, are integers such that the number average molecular 
45 weight is in the limits indicated for component a); 

being the end group of the monofunctional perfluoropolyethers -CF 2 -COOR, R being as above. 
[0022] The compounds IB) are for example obtainable by photooxidation of hexafluoropropene according to the 
process described in patent GB 1 ,1 04,482; the compounds IIB) are for example obtainable by ionic telomerization of 
50 hexafluoropropene epoxide: see for example USP 3,242,21 8; the compounds IIIB) are for example obtainable by pho- 
tooxidation of C 3 F 6 and C 2 F 4 mixtures by the processes described in USP 3,665,041 . 

[0023] The amount of monofunctional perfluoropolyethers in admixture with the bifunctional perfluoropolyethers is 

in the range 0-90% by weight of the mixture a), preferably 5-40%. 

[0024] Examples of component b), when the functionality is aminic, are the following: 

55 

(b1) monoamines of formula R r NH 2 wherein R 1 is a linear aliphatic or cycloaliphatic alkyl with a number 

of carbon atoms of the ring from 4 to 6, optionally substituted with C,-C 4 alkyl groups; or R 1 is an aryl group 
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optionally substituted with linear or branched C,-C 4 alkyl groups, the total number of the carbon atoms being in 
the range 6-20; an example of the amines of formula FVNH 2 is stearylamine; 

(b2) diamines of formula NR^R^-R^-NHg, wherein R 1A = linear or cydoaliphatic C 2 -C 12 alkyl radical with a 
number of carbon atoms of the ring from 4 to 6, optionally substituted with C r C 4 alkyl groups, or C 6 -C 12 aryl group; 
5 and R^, equal to or different from each other, are hydrogen or linear or branched C r C 5 alkyl group; examples 

of diamines with R 1A = alkyl and R^ = R^ = H, are ethylendiamine and hexamethylendiamine; an example of 
diamine with R 1A = aryl is naphthalendiamine; an example of diamine with R 1A = alkyl and R 2A = RaA = CH 3 is N, 
N-dimethylamino-ethylendiamine; 

(b3) aromatic tetramines of formula (NH^-Arl -Ar1 -(NH 2 ) 2 with Aii = phenyl, optionally substituted with C,-C 4 
io alkyl groups; an example of aromatic tetramine is the tetramino biphenyl compound. 

[0025] The preferred monomers b) are stearylamine (b1), still more preferably a compound of the classes (b2) and 
(b3). 

[0026] In the component c) the functionalized poryolefins are for example the following polymers: polypropylene 
is homopolymer, copolymers of polypropylene, high density polyethylene (HOPE), linear low density polyethylene 
(LLDPE) grafted with functionalized monomers capable to react with the aminic groups of the reaction product of a) + 
b). As an example of grafting monomer the maleic anhydride can be mentioned. Other components c) are copolymers 
or terpolymers of ethylene containing an ethylenic monomer having a second functional group, for example with vinyl 
acetate, and optionally in the presence of carbon oxide CO, for example EVA, E/nBa (n-butylacrylate) and E/nBA/CO. 
20 [0027] The functionalized poryolefins component c) are commercially known and available products. For example 
the resins Fusabond® and Byne© (DuPont), and the resins Questran® (Montell) can be mentioned. 
[0028] The peril uoropolyether oils component d) have the same composition of units in the chain as described for 
component a), but they have perhalogenated end groups of the -CF^ type, with X = F, CI, preferably X = F. Said 
perfluoropolyethers are obtainable by known processes. See for example USP 3,665,041, USP 2,242,218, USP 
25 3,715,378 and EP 239,123. 

[0029] Admixtures of monomers b) having the same chemical function, for example stearylamine with hexamethyl- 
endiamine, can be used in the invention composition. 

[0030] The additives according to the present invention are obtainable by a process comprising the following steps: 

30 1 ) synthesis of the compound a) + b) by reaction of the functionalized pert luoropolyether component a), optionally 

formed by a mixture of a Afunctional and monofunctional perfl uoropolyether, with the hydrogenated monomer 
component b), by heating under stirring at a temperature in the range 90°-1 00°C, and subsequently at 1 00°-1 30°C 
under vacuum (1 mmHg) to complete the reaction, i.e. until in the IR spectrum the band at 1 800 cnrr 1 of the COOR 
group linked to -CF 2 - disappears; 

35 2) addition, under stirring, in the same reactor, of the functionalized polyolefin component c), preferably function- 

alized with maleic anhydride, and reaction of the mixture by heating at atmospheric pressure for 30-60 minutes at 
a temperature in the range 1 80°C-1 90°C; at the end hot discharge of the obtained product. 

[0031] Step 1 is carried out by introducing in a polycondensation reactor, or in suitable mixing cell, equipped with 
40 stirrer, a mixture formed by the following components: 

- compound a), for example an ethyl or methyl diester of a perfluoropoJyether, optionally in admixture with a per- 
f luoropolyether monoester, 

monomer b), optionally in admixture with other monomers b) having a different functionality; for example as com- 
45 ponent b) an aliphatic or aromatic diamine, optionally in admixture with monofunctional and/or polyfu notional 

amines having functionality higher than two, can be used; the molar ratio between the functional groups of b) and 
a) is in the range 1 -1 .5, and anyway the amount of b) must be such to cause in the reaction the disappearance of 
the -COOR groups of a). The temperature of the reactor is then brought to a value in the range 90°-1 00°C, under 
stirring, collecting by distillation the released alcohol. When the distillation phase at atmospheric pressure is over, 
so the polymer is heated to 1 00°-1 30°C under vacuum (1 mmHg) to complete the reaction. The reaction ends when 

in the IR spectrum the band at 1800 cm- 1 of the COOR group linked to -CF 2 - disappears. 

[0032] The ratio between the monofunctional monomers and polyfunctional monomers of b) can be optimized in 
function of the molecular weight of a) + b) one wants to obtain. 
55 [0033] The monomers b) react with the bifunctional perfluoropolyethers a), optionally in admixture with monofunc- 
tional perfluoropolyethers, giving for example polyamides and polybenzo imidazoles, the latter obtainable from the 
above mentioned aromatic tetramines (b3). 

[0034] Optionally, to the compound obtained in the first step, fluorinated additives, such as for example the perfluor- 
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opolyether oil compound d) can be hot added, under stirring, in the amounts by weight within the above range. 
[0035] In step 2) component c), the fu nationalized polyolefin, preferably with maleic anhydride, and the reaction 
product of a) with b) are introduced in the same reactor under stirring. It is heated at atmospheric pressure under 
stirring for 30-60 minutes at a temperature of 180°C-190°C; the discharged finished reaction product is a mass of 
5 homogeneous plastic material. In the second step the ratio between the functional groups of the compound obtained 
by reaction of a) with b) and the functional groups of the functionalized polyolefin ranges from 10 to 0.1 by moles, 
preferably it is about 1 . 

[0036] The additive obtained at the end is under solid form at room temperature and higher, generally up to 80°C, 
being characterized by a melting point generally higher than 80°C, and by a peril uoropolyether content in the chain 
io higher than 50% by weight. 

[0037] The so obtained invention additive, preferably after extrusion and peptization, is used as additive to obtain 
homogeneous masterbatches with hydrogenated resins. The additive concentrations in the masterbatch are in the 
range 1-50% by weight. 

[0038] Examples of hydrogenated resins are polyolefins such as HDPE, LLDPE, PP and respective copolymers, 
is polyesters such as PET, poly am ides as nylon, rubbers such as EPDM, etc. 

[0039] The masterbatches are prepared for example by mixing the additive with hydrogenated resins, for example 
in a mixing cell, at temperatures in the range 1 70°C-190°C for 15-30 min, or by extrusion, under the operating conditions 
used for the hydrogenated resins. 

[0040] Optionally, the product obtained from the reaction of component a) with component b) of the additive and then 

20 reacted with the component c) can be added to the hydrogenated resin. 

[0041] For example, the reaction product of a) + b) can be added in a mixing cell or extruder to the hydrogenated 
resin and then the two phases compatibilized during the extrusion by adding granules of component c). The master- 
batches are macroscopically homogeneous and defects free. It is industrially advantageous to have available master- 
batches having a high additive concentration. In this case the masterbatch is used by adding the hydrogenated resin, 

25 jn subsequent dilutions, until obtaining the desired fluorine content. During this processing, losses of additive or its 
components have not been noticed.n 

[0042] According to a non binding theory, it is considered that the f luorinated part, the perf luoropolyether compound 
a) chemically linked to the polyolefin c) cannot be extracted during the steps of the obtainment of the masterbatch. 
Besides, it has been found that the additive is not volatilized with the mentioned thermal treatments. 

30 [0043] The finished manufactured article obtainable by mixing the masterbatches with hydrogenated resins is char- 
acterized by the combination of the above properties: hydrophobicity, resistance to low surface tension liquids, resist- 
ance to abrasion, and low friction coefficient, and maintenance of these properties in the time. 
[0044] A further advantage of the invention additive unexpectedly found by the Applicant is that it can be used also 
to carry in the hydrogenated resin other fluorinated additives, such as non functionalized perf luoropolyether oils (com- 

35 ponent d)), without requiring the use in extrusion of liquid batchers, obtaining an improved final homogeneity and 
persistence of the perfluoroporyether oil, in the manufactured article in use. Indeed, as said, a drawback of the use of 
non reactive perfluoroporyether oils as additives for hydrogenated resins is that their effect on the hydrogenated resins 
is very limited in the time. 

[0045] The additive of the present invention is characterized by its rheological properties, thermal analysis (differential 
40 calorimetry and thermogravimetry) and IR spectroscopy. 

[0046] As already said, the additive of the invention improves the processing properties and confers also properties 
of improved mould release from the of the finished manufactured article. 

[0047] The manufactured article can be subjected to a second thermal treatment by heating at a temperature in the 
range 1 00°-140°C to further improve the above mentioned surface properties. 
45 [0048] The following Examples illustrate the invention without limiting the scope thereof. 

EXAMPLES 

Analytical methods 

50 

[0049] The dynamic viscosity was determined at 30°C, Ares rheometer having parallel plates, frequency 0.83 rad/s. 
[0050] The aminic equivalent weight NH 2 was determined by potentiometric titration, dissolving about 5 g of polymer 
in 50 ml of a 9:1 solution (v/v) of trichlorotrif I uoroethane: methanol, and titrating by a potentiograph with an alcoholic 
solution of HCI 0.1 N. 

55 [0051] The thermal transitions (Tg and Tm) were determined by a Perkin Elmer® DSC 2 instrument by using the 
following thermal procedure: heating from 50° to 1 80°C at 1 0°C/min, isotherm at 1 80°C for 5 min, cooling from 1 80°C 
to 50°C at 1 0°C/min, isotherm at 50°C for 2 min, heating from 50°C to 1 80°C at 1 0°C/min. 

[0052] The tensile properties were determined at 23°C according to ASTM D1 708 (5 mm/min rate) with an Instrom® 
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mod. 1185 dynamometer. 

[0053] The static contact angle with n-hexadecane was determined by the method of the sessile drop with a Kruss® 
G23 instrument at room temperature. The angle measure was taken by photograph after 30 seconds of contact of the 
drop with the surface. 

5 

EXAMPLE 1 

Synthesis of the polyamide obtained by reaction of ethylendiamine with a perfluoropofyether Afunctional ester 

io [0054] 30 g of ethylendiamine and 1 Kg of an oil formed by the perfluoropofyether methyl diester having molecular 
weight 2,000 and the following structure: 



CH 3 OCX>CF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 COOCH 3 with p/q = 2 (1 -A) 



15 



are fed into a 2 litres polycondensation reactor equipped with stirrer. 

[0055] The reaction mixture is heated under nitrogen atmosphere for 4 hours, distilling the methanol released during 
the polycondensation. At the end the inside of the reactor is connected with the vacuum source (1 mmHg) heating at 
1 00°C for further 4 hours. At the end the initial pressure is restored in the reactor and the perfluoropofyether polyamidic 
20 derivative is hot discharged from the reactor bottom under the form of a viscous oil. 

[0056] In the IR spectrum of the polyamidic derivative the absorption band at 1 800 cnrr 1 of the -CF 2 COOCH 3 groups 
is absent, therefore all the ester groups of the starting perfiuoropolyether were converted to amidic groups (1 690 cnrr 1 ). 
The polyamide shows the following physical characteristics: 

25 Viscosity: 32.000 Poise (3.2 X 1 0 3 Pa). 

Thermal transitions (DSC, 20°C/min): -104°C; -20°C. 
Aminic equivalent weight NH^ 23,000 g/eq. 



30 



EXAMPLE 2 

Synthesis and characterization of the polyamide obtained by reaction of hexamethylendiamine with a 
pert I uoropoly ether bifu notional ester 

[0057] 60 g of hexamethylendiamine and 1 Kg of perfiuoropolyether methyl diester oil having molecular weight 2,000 
35 and the following structure: 

CH 3 OCOCF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 COOCH 3 with p/q = 2 

40 are fed in a 2 litres polycondensation reactor equipped with tape stirrer. 

[0058] The reaction mixture is heated under nitrogen atmosphere for 4 hours, distilling the methanol polycondensa- 
tion by-product. Then the vacuum source (1 mmHg) is connected, heating at 1 20°C for further 4 hours. The perfluor- 
opofyether polyamide is hot discharged from the reactor bottom under the form of a viscous oil. 
[0059] In the IR spectrum of the polyamide the absorption band at 1800 cnrr 1 is absent, characteristic of the 

45 -CF 2 COOCH 3 groups. Therefore all the ester groups are converted to amidic groups (band at 1 690 cm" 1 ). The polya- 
mide is characterized in terms of thermal transitions (by DSC) and viscosity (flow curve at 30°): 

Viscosity: 70,000 Poise (7.1 0 3 Pa). 

Thermal transitions (DSC, 2Q°C/rnin): -107°C; -40°C. 



50 



55 



EXAMPLE 3 

Synthesis and characterization of the polyamide obtained by reaction of bis-stearylamide with a perfluoroporyether 
Afunctional ester 

[0060] In a 2 litres 3-necked glass flask equipped with mechanical stirring, nitrogen atmosphere and distillation retort, 
500 g of the perfiuoropolyether diester of formula (1 -A) but having molecular weight 1 ,500, and 1 80 g of stearylamine 
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are introduced. The reation mixture is heated under stirring to 70°-80°C distilling the released methyl alcohol. After a 
reaction time of 4 hours the vacuum source (1 mmHg) is connected, which is maintained for 2 hours. It is cooled and 
a solid having a waxy consistency is discharged from the reactor. The IR analysis shows the absence of the band at 
1800 cm -1 (ester group linked to a CF 2 group). 
5 Thermal transitions (DSC, 20°C/min): -80°C (Tg); 440°C (Tm). 

EXAMPLE 4 

Preparation of the additive by reaction of a polyamidic perfluoropolyether derivative with functionalized polyethylene 

10 

[0061] 500 g of the fluorinated polyamide obtained in Example 2 and 500 g of granules of polyethylene functionalized 
with maleic anhydride, having the following characteristics: Melt Row Index MFI (1 90°C, 2.16 Kg, ASTM D1238) 4.2 
g/10 min; content in maleic anhydride 0.4% by weight; Tm 80°C, are introduced in a 2 litres polycondensation reactor. 
[0062] The mass is heated under stirring to 1 90°C for one hour. At the end about 900 grams of a white solid, having 
15 a consistency like plastic, having the following properties, are discharged: 

Thermal transitions (DSC, 20°C/min): -100°C (Tg); +93°C (Tm) Thermal stability (TGA, dynamic at 10°C/min from 
20°C to 700°C): T 1% (temperature at which a weight loss of 1% of the tested sample occurs): 362°C. 

EXAMPLE 4b 

20 

Characterization of the mechanical properties of the additive of Example 4 

[0063] The additive of Example 4 is moulded in press (200°C, 5 min) obtaining specimens which are subjected to 
tensile mechanical and dynamic-mechanical characterization by an Instrom® mod. 1185 dynamometer according to 
25 ASTM D1708 and by an Ares®3-A25 spectrometer having parallel plates according to ASTM D4065 with a heating 
gradient of 2°C/min and 6.28 rad/s frequency. 

[0064] The moulded additive is a solid. Indeed the specimens maintain the dimensional stability even after heating 
at 50°C for 72 hours. The deformation imposed with the ASTM test (500%) is not recovered after specimen cooling to 
room temperature. It is noticed that the deformation recover is lower than 1% after conditioning of the specimens for 
30 24 h at room temperature. The dynamic-mechanical additive spectrum shows, at room temperature, a modulus G' 
value (elastic component) of about 1-2 MPa and a G" value (viscous component) of about 0.01 MPa. 
[0065] Over the melting point (110°-120°C) G" > G'. 

[0066] The additives of the invention therefore are not waxy or rubbery substances, but they are more property 
classifiable as plastic materials. 

35 

EXAMPLE 5 

Preparation of the additive by reaction of a polyamidic perfluoropolyether derivative with functionalized polypropylene 

40 [0067] 500 got the fluorinated polyamide obtained in Example 1 and 500 g of granules of polypropylene functionalized 
with maleic anhydride, having the following characteristics: Melt Flow Index (determined as in Example 4) 28 g/1 0 min; 
content in maleic anhydride 0.6% by weight; Tm 152°C, are introduced in a 2 litres polycondensation reactor . 
[0068] The mass is heated under stirring to 190°C and kept at this temperature for one hour. At the end about 900 
grams of a white solid, having a consistency like plastic, with the following properties, are discharged: 

45 

MFI (190°C, 2.16 kg, ASTM D 1238) 210 g/10 min. 

Thermal transitions (DSC, 20°C/min): -100°C (Tg); +150°C (Tm). Thermal stability (TGA, dynamic at 10°C/min 
from 20°C to 700°C): V % (temperature at which a weight loss of 1% of the tested sample occurs): 350°C. 

50 EXAMPLE 6 

Preparation of an additive of the invention in admixture with a non reactive perfluoropolyether oil (Fomblin® YR) and 
preparation of masterbatches with polyolefins 

55 [0069] A mixture formed by the following components is prepared: 450 g of the polyamide obtained in Example 1 , 
50 g of perfluoropolyether having non reactive (perfluorinated) end groups Fomblin® YR 1800 and 500 g of function- 
alized polypropylene having the proprties indicated in the previous Example 5 (MF1 115, anhydride 0.6% by weight). 
[0070] The process mentioned in example 4 is followed. 
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[0071] After 2 hours of mixing, a white plastic, macroscopically homogeneous, solid is discharged, without emerging 
signs of oify residues on the solid surface or on those of the reactor. 

[0072] The product is added to polyolefins such as polypropylene and polyethylene to give homogeneous master- 
batches having additive concentrations in the range 5-20%, without noticing the typical problems caused by the use 
5 of non reactive PFPE oils. 

EXAMPLE 7 

Use of the additive of Example 4 as additive for HDPE (processing aid) 

10 

[0073] A masterbatch formed by 20 parts by weight of additive of Example 4 with 80 parts by weight of HDPE was 
prepared. The used polyolefin is characterized by MFI of 1 g/10 min (190°C/2.16 Kg). The masterbatch was prepared 
by charging the components in a Brabender mixing cell at 180°C for 30 min (30 rpm rate). The masterbatch cold 
discharged from the cell appears as a macroscopically homogeneous white plastic solid. The masterbatch was further 
is diluted with HDPE to an additive content of 4% and 1 % respectively, by adding further HDPE in Brabender cell at 1 70°C 
for 30 min (30 rpm rate). 

[0074] The 20% and 4% masterbatches were then moulded in a plate press (230°C for 5 min) and characterized in 
terms of mechanical (tensile), dynamic-mechanical and thermal (DSC calorimetry) properties to evaluate the homo- 
geneity degree of the additive distribution and its effect on the most important physical properties of the polyolefin. The 

20 tensile properties were determined at 23°C by an Instrom® mod. 1185 dynamometer according to ASTM D1708 (5 
mm/min rate), while the thermal transitions (meltings) were determined by using the following thermal procedure: heat- 
ing from 50° to 1 80°C at 1 0°C/min, isotherm at 1 80°C for 5 min, cooling from 1 80°C to 50°C at 1 0°C/min, isotherm at 
50°C for 2 min, heating from 50°C to 180°C at 10°C/min. The dynamic-mechanical properties were carried out by 
rheogoniometer Ares (temperature gradient 2°C/min, frequency 6.28 rad/s). 

25 [0075] Table 1 reports the characterization data of the HDPE and of the mixtures with the additive of Example 4. 
[0076] The fluorinated additive results homogeneously distributed also at the highest concentration (20%) and it 
substantially acts as a plasticizer, since the specimen containing the additive shows a modulus decrease and an in- 
crease of the elongation at break with respect to the specimen without the additive. The melting point does not change, 
therefore there are neither alterations of the polyolefin crystallinity, nor interactions at a molecular level. The melting 

30 enthalpy decreases in an approximately proportional way to the content of the fluorinated additive in the blend, con- 
firming that there are no meaningful losses of the additive during the preparation steps of the masterbatches. 

EXAMPLE 8 

35 Use of the additive of Example 5 to modify the surface PP properties (added additive amount 1 -3%) 

[0077] A masterbatch formed by 20 parts by weight of additive of Example 5 and by 80 parts of polypropylene having 
MFI equal to 34 g/1 0 min (230°C, 2.1 6 kg), was prepared. The masterbatch was prepared by charging the components 
in a Brabender mixing cell at 190°C for 20 min (30 rpm rate). 
40 [0078] The masterbatch cold discharged from the cell appears as a macroscopically homogeneous white, plastic 
solid. The masterbatch at 20% of additive was milled in a screw propeller mill at room temperature. Subsequently 
blends with PP having additive concentrations of 1% and 3% respectively were prepared in a Brabender cell, following 
operating modalities similar to those described in Example 7. 

[0079] The additivated PP was then moulded in a plate press at 230°C for 5 min between 2 aluminum sheets having 
45 a 0.3 mm thickness. 

[0080] The surface of the PP plates was characterized by determining the contact angle with water and, respectively, 
with hydrocarbons to determine the hydrorepellence and the surface resistance to liquids having a low surface tension. 
The static contact angle with n-hexadecane was measured by the sessile drop method by a Kruss® G23 instrument 
at room temperature. The angle measure was taken by photograph after 30 seconds of contact of the drop with the 
so surface. 

[0081] The results are reported in Table 2. 

[0082] From the Table it results that hexadecane completely wets the polypropylene surface (oleophilic, non resistant 
to liquids of low surface tension). The hexadecane on the additived polypropylene forms discrete and stable drops with 
measurable contact angles. The fluorinated additive, notwithstanding its polymer nature, is therefore able to appear 
55 on the surface lowering the surface energy. In particular it is observed that by thermal post-treatment cycles at 1 35°C, 
and with percentages of additive higher than 1%, hexadecane drops having a high contact angle, of the order of 40°- 
50° , can be obtained. This means that the polypropylene additived with the additives of the present invention becomes 
oleorepellent and non wettable by liquids having a low surface tension, also of hydrocarbon nature. 
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[0083] The measurements of the contact angle with water show an increase of the contact angle with water from 
80°-90° for PP as such at 98°-102° for the additived polyolefin. 

EXAMPLE 9 (comparative) 

5 

Homogeneity evaluation of the mixtures of HDPE and a perfluorpolyether (Fomblin®) 

[0084] According to known addition processes of the prior art, different amounts of perftuoropolyether oil Fomblin® 
YR were adsorbed in the deliberately created porosities of the hydrogenated resin HDPE. In this way HDPE mixtures 
10 containing various amounts of the fluorinated oil were prepared. 

[0085] The used Fomblin® YR 1 800 had the following physical properties: 

Molecular weight Mn (NMR): 7,250. 
Kinematic viscosity (ASTM D455, 20°C): 1 ,850 cSt 
15 (1.85.10*nfts). 

Density (ASTM D891 , 20°C): 1 .2 g/ml. 

[0086] The mixtures containing an amount by weight of perfluoropolyether higher than 2% are macroscopicalry het- 
erogeneous and show the presence of oily residues on the surface and local unhomogeneities, such as for example 
20 craters and accumulations. Mixtures containing respectively concentrations of 2% and 0.5% by weight of Fomblin® 
YR 1800 were prepared in mixing cell. From the mixtures specimems were moulded according to the procedure de- 
scribed in Example 7. The tensile properties of the obtained specimens were determined at 23°C according to ASTM 
D1708. 

[0087] The obtained results are reported in Table 3. 
25 [0088] From the examination of the Table it is shown that while the modulus of the specimens corresponding to the 
different mixtures remains substantially unchanged, in the material containing 2% of additive there is a substantial 
worsening of the break properties (stress and elongation at break). This means that in the moulded material the additive 
distribution is not homogeneous and defects are present. 
[0089] It is therefore not possible to prepare masterbatches with this mixture. 

30 

EXAMPLE 10 (comparative) 

Test of preparation of the masterbatch of the polyolefin with the perfluoropolyether pofyamide 

35 [0090] 10 g of fluorinated polyamide of Example 1 and 90 g of PP having MFI = 34 g/10 min are introduced into a 
Brabender mixing cell. The blend is heated at 1 90°C for 30 minutes (stirring blade rate 30 rpm). At the end it is cooled 
at room temperature and discharged. In the cooled mass an unhomogeneous distribution of the polymer fluorinated 
additive in the polyolefin is macroscopicalry observed, with surfacing of liquid and viscous phases which can be me- 
chanically removed. 

40 [0091] The fluorinated additive is therefore not compatible with the polyolefin. 

[0092] The result does not change by heating the blend at a higher temperature (230°C), or using in the blend the 
polyamide of Example 2, or substituting PP with HDPE. 

[0093] It is therefore not possible to prepare homogeneous masterbatches with polyolefins by replacing the invention 
additive with the fluoropolyether polyamides which are an additive component. 

45 

EXAMPLE 11 

Proof of the duration in the time of the surface hydro- and oleo-repellence properties of a polyolefin resin additived 
with the invention additive in an amount of 3% by weight. 

50 

[0094] An amount of masterbatch at 20% prepared in Example 8 was added to a PP sample so as to have a final 
amount of additive equal to 3% by weight. A specimen of the so prepared resin, obtained by moulding between two 
aluminum sheets as described in Example 8, is kept suspended for 8 hours over a becker half full of distilled water 
maintained at the boiling temperature. 
55 [0095] At the end the specimen is dried and the contact angle is determined both with water and with n-hexadecane, 
obtaining the values shown in Table 4, wherein the contact angle values in the two solvents of the untreated specimens 
are reported by reference. 

[0096] The test shows that the specimen maintains the hydro- and oleo-repellence properties even after quick ageing 
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by contact with water vapours for the above indicated time. 
EXAMPLE 12 

5 Synthesis and characterization of the tertiary bis-amide, produced by reaction of the components a) + b) 

[0097] 144 g of N.N-diethylethylendiamine and 1 Kg of diethyl ester perfluoropofyether having molecular weight 600 
and the following structure: 

10 C 2 H 5 OCOCF 2 0(CF 2 CF 2 0) p (CF 2 0) q CF 2 COOC 2 H 5 with p/q = 2, 

are introduced in a 2 litres polycondensation reactor, equipped with anchor stirrer. 

[0098] The reaction mixture is heated at 80°C under nitrogen atmosphere for two hours while the ethanol which is 
is released during the polycondensation is distilled. The temperature is increased to 1 00°C and the reactor is connected 
to the vacuum source (1 mm Hg) for 4 hours. 

[0099] The obtained product is hot discharged from the reactor bottom which appears in the form of a yellow-brown 
coloured oil. 

Viscosity at 20°C: 50 mPa.s. 

20 

EXAMPLE 13 

Preparation of the additive in functionalized polyethylene 

25 [0100] In a 2 litres polycondensation reactor 500 g of polyethylene functionalized with maleic anhydride are intro- 
duced, having the following properties: 

Melt Flow Index (ref. Ex. 4): 4.2 g/10 min, 
Maleic anhydride content: 0.4% by weight, 
30 Tm 90°C. 

[0101] The mass is melted at 120°C and 500 g of the fluorinated amide prepared in Example 12 are added, heating 
for one hour. 1 000 g of a plastic white solid which is milled and powdered, are discharged. 

35 EXAMPLE 13A 

Preparation of a masterbatch by reaction of the product obtained by reaction of a) with b) with the functionalized 
polyolefin c) directly in the hydrogenated resin. 

40 [0102] The masterbatch is prepared by introducing the components in Brabender mixing cell at 230°C for 20 minuti 
(30 rpm rate), mixing 10 parts by weight of tertiary bis-amide of Example 12 with 5 parts by weight of polyethylene 
functionalized with maleic anhydride equal to that used in Example 13 and 85 parts by weight of polypropylene having 
MF (ASTM D1238) 34 g/1 0 min. The obtained masterbatch appears as a macroscopically homogeneous plastic solid. 

45 EXAMPLE 13B (comparative) 

Compatibility test of the compound obtained from the reaction of a) + b) with the hydrogenated resin 

[0103] Example 13A is repeated omitting the addition of polyethylene functionalized with maleic anhydride. 
so [0104] In the mixing cell, operating under the same conditions, one does not succeed in forming a homogeneous 
mixture of the tertiary bis-amide with polypropylene. 

EXAMPLE 14 

55 Use of the additive prepared in Example 13 to modify the surface polypropylene properties 

[01 05] A masterbatch formed by 1 0 parts by weight of the additive prepared in Example 1 3 with 90 parts by weight 
of polypropylene having MFI (ASTM D1238) 34 g/10 min is prepared, feeding the two components in a Brabender 
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mixing cell at 230°C for 20 min. (30 rpm rate). The masterbatch is cold discharged from the mixing cell and it appears 
as a macroscopically homogeneous white solid. Then it is milled in a screw propeller mill. 

[0106] The masterbatch is further mixed with another aliquot of the same above used polypropylene so as to obtain 
a final concentration of additive of 2%. 
5 [01 07] The following specimens are prepared: 

polypropylene used for preparing the masterbatch; 
- the masterbatch (concentration 1 0% by weight of additive) 

10 and of the added polypropylene to the masterbatch (concentration 2% of additive). 

[0108] The specimens are prepared by moulding the material in press at 230°C for 5 min. between two aluminum 

sheets. The specimen thickness is of 0.3 mm. The oleo-repellence test is carried out on one of the two surfaces of the 

specimens to verify the resistance of the specimen surface to liquids. 

[0109] The static contact angle with water-hexadecane is determined. 
15 [01 10] The results are reported in Table 5, which shows that also at a concentration of 2% in the resin, the additive 

is able to confer to the material oleo-repellence, since the contact angle keeps on high values, comparable with those 

of the specimen prepared from the masterbatch. 

EXAMPLE 15 

20 

Resistance test to abrasion on PP specimens containing 3% by weight of additive 

[0111] Specimens with the composition of Example 11 , prepared as described in Example 8 and having a 0.3 mm 
thickness, are subjected to an abrasion cycle using a Taber abrasimeter, CD1 0 grindstone, according to ASTM D1 044. 
25 At the end of the abrasion cycle the specimen thickness was reduced of about 5 microns, which corresponds to about 
1 .5% of the thickness. 

[01 1 2] After having cleaned the treated surface of the specimen, the contact angle with water and with n-hexadecane 
is determined. The results are reported in Table 4. 

[0113] The obtained data show that the hydro- and oleo-repellence properties are substantially maintained also by 
30 the new surface of the specimen formed with the abrasion cycle. The test shows that the additive is distributed in a 
substantially homogeneous way in the specimen. 



Table 1 



Example 7: tensile properties and thermal transitions of HDPE and of the respective masterbatches with the additive 




of Ex. 4 at 4% and 20% by weight concentrations 






HDPE 


HDPE + additive 






cone. 4% 


cone. 20% 


modulus (MPA) 


830 


646 


665 


stress at break (MPA) 


32.4 


34.8 


29.3 


strain at break (%) 


647 


730 


763 


TV (DSC, °C) 


+130 


+130 


+130 


AHf** (DSC, J/g) 


181 


173 


153 


Tg (DMS, °C) 


n.d. 


-118 


-119 



* Melting point in second scanning 
** Second melting enthalpy 



Table 2 



Example 8: use of the additive of Ex. 5 to modify the surface properties (resistance to liquids having a low surface 

tension) of the polypropylene 


% by weight of additive 


Contact angle (n-hexadecane) 


0 


0°*** 



Completely wetted surface 
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Table 2 (continued) 



Example 8: use of the additive of Ex. 5 to modify the surface properties (resistance to liquids having a low surface 

tension) of the polypropylene 


% by weight of additive 


Contact angle (n-hexadecane) 


1 


10° - 15° 


3 


22° - 28° 


after specimen re-baking at 135°C for 4 min. 




0 
1 

3 


0°"* 
18° -20° 
45° -50° 



*~ Completely wetted surface 

15 



Table 3 





Example 9 comparative: tensile properties and thermal transitions of HDPE and of the respective masterbatches 


20 


with Fomblin® YR at concentrations 0.5% and 2% by weight 






HDPE 


HDPE + Fomblin®YR 








cone. 0.5% 


cone. 2% 




modulus (MPA) 


830 


930 


900 


25 


stress at break (MPA) 


32.4 


31.5 


20.5 




strain at break (%) 


647 


680 


190 




Tf* (DSC, °C) 


+130 


+130 


+130 




AHf** (DSC, J/g) 


181 


173 


153 


30 


Tg (DMS, °C) 


n.d. 


-118 


-119 



Table 4 



35 


Examples 1 1 and 1 5: resistance test to quick ageing and resistance test to abrasion on PP specimens containing 

a final amount of additive of 3% by weight. 




Specimen treatment 


Contact angle 






water 


(n-hexadecane) 


40 


Untreated specimen 
Quick ageing (Ex. 11) 
Abrasion test (Ex. 15) 


98° - 102° 
103° 
100° 


45° - 50° 
40° 
38° 



Table 5 



Example 14 : use of themasterbatch prepared according to Example 13 to modify the surface properties (resistance 
to liquids having a low surface tension) of polypropylene 


% by weight of additive 


Contact angle (n-hexadecane) 


0 
2 
3 


0° 

58° - 60° 
65° - 70° 



55 Claims 

1. Additives for hydrogenated resins, formed by functionalized perfluoropolyethers and functionalized pofyolefins, 
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said additives obtainable by using the following components: 

a) bifu notional perfluoropolyethers having a -COOR end group optionally in admixture with monofunctional 
perfluoropolyethers having -COOR end group, wherein R = H, C,-C 10 alkyl, the number average molecular 
weight of bifunctional and monofunctional perfluoropolyethers being in the range 500-5,000, preferably 
900-3,000; 

b) mono, bi or polyfunction^ hydrogenated monomers having functional groups capable to react with the 
-COOR end groups of the compound a); preferably said functional groups of the hydrogenated monomers are 
aminic groups, 

c) polyolefins having functional groups, preferably formed by C 2 -C 4 monomers, wherein said functional groups 
are capable to react with the block oligomer/polymer obtained by reaction of a) with b), preferably said func- 
tional groups being obtained by grafting with maleic anhydride; 

reacting in a first step a) with b), or a) with mixtures of monomers b) having a different functionality, until disap- 
pearance of the -COOR group of component a), and in a second step the product obtained from the reaction of 
a) with b) with the functionalized polyolefins c). 

Additives according to claim 1 , comprising neutral perfluoropolyether oils having a molecular weight in the range 
2,000-10,000 (compound d)). 

Additives according to claims 1-2, wherein the amounts of each component a)-d), expressed as percentages by 
weight, are the following: 

- component a) 30-70% by weight; 

- component b) 1 -30% by weight; 
component c) 1 0-70% by weight; 
component d) 0-20% by weight; 

the sum of a) + b) + c) + d) being equal to 1 00% by weight. 

Additives according to claims 1-3, wherein the bifunctional (per)fluoropolyethers and the monofunctional perfluor- 
opolyethers mentioned in a) have one or more of the following units statistically distributed along the chain : (C 3 F 6 0); 
(CF 2 (CF 2 ) x ,CF 2 0) wherein x' is an integer equal to 1 or 2; (CFYO) wherein Y is F or CF 3 ; (C 2 F 4 0); 
(CR 4 R 5 CF 2 CF 2 0) wherein R 4 and R 5 are equal to or different from each other and selected between H, CI, and 
wherein one fluorine atom of the perfluoromethylene unit is optionally substituted with H, CI or (per)fluoroa!kyl 
having from 1 to 4 carbon atoms. 

Additives according to claim 4, wherein the preferred bifunctional compounds of a) are the following, with the 
perfluorooxyalkylene units statistically distributed along the chain: 

(a 1 ) 

-CF 2 -0-(CF 2 CF 2 0) p .(CF 2 O q ,-CF 2 - (VIII) 

wherein: 

p' and q* are numbers such that the qVp' ratio is comprised between 0.2 and 2 and the molecular weight 
is in the above mentioned range; 

(b') 

-CFX ,, -0-(CF 2 CF(CF3)0) ^ .-(CF 2 CF 2 0) s ,-(CFX ,, 0) t .-CFX ,, - (IX) 

wherein: 
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X 1 ' is -F or -CF 3 ; r\ s' and f are numbers such that r*+ s' is in the range 1-50, the tV^ s 1 ) ratio is in the 
range 0.01 -0.05, r*+ s' being different from zero, and the molecular weight is in the above mentioned range; 

(*) 

-CF(CF 3 )(CFX J O) t .(OC 3 F 6 ) ll .-OR' f O-(C3F 6 0) u .(CFX' l 0) t .CF(CF3)- (X) 

wherein: 

R* f is a C 1 -C 8 perfluoroalkylene; u'+ f is a number such that the molecular weight is in the above range; 
f can also be equal to zero; X' 1 is as above indicated; 

<*> 

-CF 2 CF 2 0-(CF 2 (CF 2 ) x .CF 2 0) v .-CF 2 CF 2 - (XI) 

wherein: 

v* is a number such that the molecular weight is in the above range, x" is an integer equal to 1 or 2; 

(e 1 ) 

-CF 2 CH 2 -(OCF 2 CF 2 CH 2 0) w .-OR' f O-(CH 2 CF 2 CF 2 0) w ,-CH 2 CF 2 - (XII) 

wherein: 

R' f is a C^-Cq perfluoroalkylene; w* is a number such that the molecular weight is in the above range; 

the end groups of the Afunctional perfluoropolyethers component a) being of the -COOR type wherein R = H 
orC r C 10 alkyl. 

Additives according to claim 4, wherein the monofunctional perfluoropolyethers used in a) in admixture with bi- 
functional perfluoropolyethers have the following structures: 

IB) 

A'0(C 3 F 6 0) m (CFYO) n - 

wherein Y is -F, -CF 3 ; A* = -CF 3 , -C 2 F 5 , -CgFy, -CF 2 CI, C 2 F 4 CI; the C^O and CFYO units are randomly 
distributed along the (per)fluoropolyether chain, m and n are integers, the m/n ratio is > 2, m and n have values 
such that the molecular weight is within the limits indicated for component a); 
MB) 

C 3 F 7 0(C 3 F 6 0) m -, 

wherein m is a positive integer and is such that the number average molecular weight is in the limits indicated 

for component a); 

IIIB) 

(C 3 F 6 0) m (C 2 F 4 0) n (CFYO) q 
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wherein: 

Y Is equal to -F, -CF 3 ; m, n and q, different from zero, are integers such that the number average molecular 
weight is in the limits indicated for component a); 

5 

being the end group of the monofunctional perfluoropolyethers -CF 2 -COOR, R being as above. 

7. Additives according to claims 1-6, wherein the amount of monofunctional perfluoropolyethers in the mixture with 
the bifunctional perfluoropolyethers in a) is in the range 0-90% by weight. 

w 

8. Additives according to claims 1 -7, wherein the monomers component b), when the functionality is aminic, are the 
following: 

(b1 ) monoamines of formula R r NH 2 wherein Rj is a linear aliphatic or cycloaliphatic C r C2o alkv1 witn a number 
15 of carbon atoms of the ring from 4 to 6, optionally substituted with C^-C 4 alkyl groups; or R 1 is an aryl group 

optionally substituted with linear or branched C r C 4 alkyl groups, the total number of the carbon atoms being 
in the range 6-20; 

(b2) diamines of formula NR^R^-R-^-NHg, wherein R 1A = linear or cycloaliphatic C 2 -C 12 alkyl radical with a 
number of carbon atoms of the ring from 4 to 6, optionally substituted with C,-C 4 alkyl groups, or C 6 -C 12 aryl 
20 group; R^ and R^, equal to or differentf rom each other, are hydrogen or linear or branched C r C 5 alkyl group; 

(b3) aromatic tetramines of formula (NH 2 ) 2 -Ar1 -AM -(NH 2 ) 2 with AM = phenyl, optionally substituted with C,-C A 
alkyl groups. 

9. Additives according to claim 8, wherein the component b) is selected from stearylamine (b1 ), a compound selected 
25 from the classes (b2) and (b3). 

10. Additives according to claims 1-9, wherein in component c) the functionalized polyolefins are selected from the 
following polymers: 

30 polypropylene homopolymer, copolymers of polypropylene, high density polyethylene (HDPE), linear low den- 

sity polyethylene (LLDPE) grafted with functionalized monomers capable to react with the aminic groups of 
the reaction product of a) + b), preferably the grafting monomer is the maleic anhydride; or 
copolymers or terpolymers of ethylene containing an ethylene monomer having a second functional group 
selected from vinyl acetate (VA) butylacrylate (nBA) and carbon oxide (CO). 

35 

11. Additives according to claims 1-10, wherein the perfluoropolyether oils component d) have the units in the chain 
according to claims 4-6 and the end groups are perhalogenated of the -CF 2 X type, with X = F, CI, preferably X = F 

12. A process for obtaining the additives according to claims 1-11, comprising the following steps: 

40 

1) synthesis of the compound a) + b) by reaction of the functionalized perfluoropolyether component a), op- 
tionally formed by a mixture of a bifunctional and monofunctional perfluoropolyether, with the hydrogenated 
monomer component b), by heating under stirring at a temperature in the range 90°-1 00°C, and subsequently 
at 100°-130°C under vacuum (1 mmHg) to complete the reaction, i.e. until in the IR spectrum the band at 1800 

45 cm -1 of the COOR group linked to -CF 2 - disappears; 

2) addition, under stirring, in the same reactor, of the functionalized polyolefin component c), preferably func- 
tionalized with maleic anhydride, and reaction of the mixture by heating at atmospheric pressure for 30-60 
minutes at a temperature in the range 1 80°C-1 90°C. 

50 13. A process according to claim 12, wherein the molar ratio between the functional groups of b) and of a) is in the 
range 1-1.5, and the amount of b) is such to give rise in the reaction to the disappearance of the -COOR groups of a) . 

14. A process according to claims 12-13, wherein to the compound obtained in the first step fluorinated additives 
component d) are added. 

55 

15. A process according to claims 12-14, wherein in the second step the ratio between the functional groups of the 
compound obtained by reaction of a) with b) and the functional groups of the functionalized polyolefin ranges from 
10 to 0.1 by moles. 
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16. Use of the additives according to claims 1-11, as additives for hydrogenated resins. 

17. Masterbatches comprising the additives of claims 1-11 , and hydrogenated resins. 

5 18. Masterbatches according to claim 1 7, wherein the additive concentration is in the range 1 -50% by weight. 

1 9. Manufactured articles obtainable by mixing the masterbatches according to claims 1 7-1 8 with hydrogenated resins. 

w 
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